Abstract: Many countries in Central and Eastern Europe have been undergoing marked economic changes following the collapse of the former "Eastern Bloc" and totalitarian regimes. In the Czech Republic, this transition has had a profound effect on land use management that subsequently results in widespread land cover changes. This study analyzes trends in land use/land cover changes (LULCC) in the context of political and economic transformation of the Czech Republic, using the greater Olomouc region in the period between 1991 and 2001 as a case study. Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) images from 1991 and 2001 were acquired and processed for maximum likelihood classification to produce land use/land cover maps for both times with overall map accuracies between 0.8 and 0.84. Major land changes were identified using post-classification comparison and trend surface analysis. Results showed significant marginalization of intensive agricultural activities (12%), a shift in forest composition from mixed to deciduous forest (6%), and an overall increase in residential development on arable land (3.5%). Our findings are consistent with recent socioeconomic and political studies that describe post-socialist land change drivers in Central and Eastern Europe, such as decreased need for intensive agriculture, shift to ecological management of forested areas, or increasing suburbanization.
INTRODUCTION
The Czech Republic (CR) is currently undergoing transformation from a centralized regime of communist dictatorship ) toward a modern democratic state. The Olomouc region in the eastern CR thus has experienced significant changes 55 in the last two decades, triggered by the "Velvet Revolution" in 1989. Although the political and socioeconomic transition is generally recognized as an important driver of land use change (Ptáček, 2000) , few studies have assessed and quantified land use/ land cover changes (LULCC) in the context of the post-socialist transformation in Central and Eastern Europe (Bičík et al., 2001; Fanta et al., 2004; Zemek et al., 2005; Kuemmerle et al., 2006) . In this study, we present an approach for identifying major LULCC in the Olomouc region, by applying remote sensing techniques to compare two sets of multispectral Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) data acquired 2 and 12 years after the revolution in 1989. We pay close attention to specific trends in LULCC within the post-socialistic period: changes in agricultural areas, forested areas, and residential development. We base our analysis on the assumptions that two years after the political transition is such a short time that the 1991 land cover is fairly representative of the conditions in the previous regime. On the other hand, 12 years after the revolution is a sufficient time for socioeconomic changes to be reflected in the land-cover composition.
The fall of the Iron Curtain and the consequent breakdown of totalitarian regimes in the former "Eastern Bloc" have brought dramatic changes to the political and economic systems in most Central and Eastern European countries, including the CR (Bičík et al., 2001) . Alterations of former socioeconomic structures, such as the restitution of private property previously nationalized under Communism or the privatization of agricultural co-operatives, have impacted a number of factors that ultimately shape the environment and have resulted in widespread modification of land management and land use decision making. Such a transition from politically to economically driven land use provides a unique opportunity to study the effect of broad-scale political and socioeconomic factors on LULCC (Kuemmerle et al., 2006) .
The objective of this research was to analyze Landsat imagery from 1991 and 2001 in order to empirically assess changes in the land use/land cover that occurred over a large area in the CR in the post-socialistic period. We identified the major land use/land cover transitions and trends using post-classification comparison based on a cross-tabulation technique and trend surface analysis. We focused on the trends in LULCC generally recognized as most significant in Central and Eastern Europe: changes in agricultural areas, forest cover, and urban development. Moreover, we quantified these changes, localized their occurrence by trend surface analysis, and interpreted them in the context of post-socialist transformation of the CR.
BACKGROUND
The general trends in LULCC have been described by various studies focusing on conditions in agriculture, forestry, and urban development. The most important process in the agricultural sector has been the change in land ownership and property structure (Takács-György et al., 2007) . Implementation of land reforms resulted in physical fragmentation of arable land due to the splitting of large parcels, managed by state co-operatives, into smaller privatized farmlands (Csaki, 2000; Sabates-Wheeler, 2002 ; van Dijk, 2003) . Land abandonment has also occurred extensively, as many landowners withdraw completely from farming, and former areas of intensive agriculture are thus being converted to grassland and forest (Augustyn, 2004; Ioffe et al., 2004) . In addition, marginalization of agricultural land leads to secondary afforestation.
A minor increase in forest extent, but especially the change in forest structure, has been documented for the post-1989 era (Palang et al., 1998; Kozak, 2003; ÚHÚL, 2006) . In some countries (e.g. Poland and the CR), a certain amount of agricultural land is currently being lost due to the advancing processes of suburbanization and conversion of arable land to newly developed areas (Ptáček, 1998; Jackson, 2002; Kreja, 2004) .
In the CR specifically, Fanta et al. (2005) recognized three main events in the last 50 years that had profound consequences for the country and its land use. The first event was the communist coup d'état and subsequent collectivization of land in the 1950s, which encompassed the introduction of large-scale collective farming, especially intense in the Olomouc region, aiming to maximize agricultural production. The second event was the abolition of the totalitarian political system in 1989, followed by restitution of private land ownership in the 1990s, re-introduction of democracy and a market economy, and development of market-driven forms of land use. The third event was the preparation of the CR for accession to the European Union (EU) in 2004, including complete implementation of EU environmental and agricultural policies. Moreover, processes of (1) partial privatization of state property, (2) increasing environmental consciousness, and (3) transformation of agricultural cooperatives had a direct impact on LULCC after 1989. These processes influenced particularly the agricultural sector, forestry, and the rate and type of new development (Bičík et al., 2001) .
Political transition in the CR led to marginalization of intensive agricultural areas in a process driven by a combination of socioeconomic and environmental factors. Due to marginalization, farming ceased to be viable in many places, resulting in unprecedented abandonment of agricultural land (Fanta et al., 2004) . Extensive areas of previously cultivated land in the country are currently fallow or have converted to secondary grasslands-meadows and pastures (Bičík et al. 2001) .
Forest covers approximately 33% of the total area of the CR (ÚHÚL, 2006) . Forest cover increased to this extent in the 20th century since the time of its minimum extent at the end of the 18th century. Most wooded land is far from its native composition. Monocultures of Norway spruce (Picea abies) were planted over large areas that are now used predominantly for timber production. However, the boom in environmental awareness and the incorporation of sustainability concepts into Czech legislation in the early 1990s caused a distinctive tendency toward alternative approaches in forest management that take into account the natural species composition and potential native vegetation (Neuhäuslová, 1998; ÚHÚL 2006) .
The extent of built-up areas in the CR increased considerably after 1989 (Bičík et al., 2001) . As in other parts of Europe, the issue of suburbanization has been identified in the CR since the 1990s (Ptáček, 1998; Jackson, 2002) . However, suburbanization in the CR is represented by relatively fine-scale residential development in the vicinities of larger cities, and does not bear the typical traits and negative effects of the large-scale suburban sprawl of the United States or countries of Western Europe (Václavík, 2004; EEA, 2006) .
Although the political and socioeconomic factors driving LULCC have been well documented and the general trends of environmental changes recognized (Bičík et al., 2001) , explicit spatial analysis of LULCC in Central and Eastern Europe is scarce. Few studies have applied geographic information systems (GIS) and remote sensing techniques to quantify specific land use/land cover transitions in the post-socialist era. For example, in the Eastern Carpathians, analysis of Moderate Resolution Imaging Spectroradiometer (MODIS) data showed that the forest cover in the Upper Tisza watershed declined on average by 5% between 1992 and 2001, while there was a 10-20% increase in the eastern sub-catchments, caused by different forest management practices in Romania, Ukraine, and Slovakia (Dezso et al., 2005) . In the Orawa region in southern Poland, the comparison of historical maps and contemporary satellite images from Landsat and Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) imagery revealed that the proportion of forest cover increased from 25% to 40% over the last 180 years (Kozak, 2003) . In the Biesczady Mountains in Poland, significant changes in village structure and extensive farmland abandonment were identified by visual comparison of historical maps and Landsat images from the late 1990s (Angelstam et al., 2003) . In Slovakia, agricultural intensification (7% of the total area) and processes of deforestation and urbanization were detected from the assessment of the European Union Coordination of Information on the Environment (CORINE) land cover (CLC) database between the 1970s and 1990s (Feranec et al., 2003) . A cross-border comparison of land cover and landscape patterns was conducted for the Slovak, Polish, and the Ukrainian parts of the Carpathian Mountains using Landsat TM and ETM+ imagery from 2000. Marked differences between countries were discovered. For example, Slovakia and Poland had 20% more forest cover than Ukraine, Slovakia had more deciduous forests than Poland and Ukraine, and Ukraine experienced larger land abandonment and agricultural fragmentation than Poland and Slovakia (Kuemmerle et al., 2005 (Kuemmerle et al., , 2006 .
Existing spatially explicit studies that have assessed land use/land cover issues in Central and Eastern Europe have employed either small study areas (Angelstam et al., 2003; Kozak, 2003) , combined data from different sources that are difficult to compare (e.g., historical maps and satellite imagery; Angelstam et al., 2003) , or did not asses changes over time (Kuemmerle et al., 2005 (Kuemmerle et al., , 2006 . In the CR, very few published remote sensing studies have addressed only the issues in forestry and forest management, particularly damage to, and health conditions of, certain forest types (Škapec et al., 1994; Stoklasa, 1995) , detection of gradual changes of forests in national parks (Šíma, 1995) , or the potential of remote sensing applications in vegetation monitoring (Kučera, 1999) . Therefore, the major goal of this study was to analyze remotely sensed data acquired in 1991 and 2001 to assess and quantify the spatial and temporal changes in land use/land cover composition over a large area in the CR. We identified and interpreted the locations, types, and trends of the major land use/land cover transitions in the Olomouc region that occurred in a span of 10 years in the early post-socialist period.
METHODS

Study Site
We studied the greater Olomouc region located in the northeastern CR (Fig. 1) . The study area (5012 km 2 ) covers the majority of the Olomouc county administration unit, one of the 14 administration units in the CR. The northeastern section of the study area overlaps Moravskoslezský County. The central region is comprised of the 
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wide alluvial plain of the Morava River, surrounded by undulating hills of the Zábřežská and Drahánská uplands to the west and the Nízký Jeseník mountain range to the northeast, with altitudes ranging from 200 to 800 m above sea level. The lowlands are highly urbanized and include the major cities of Olomouc, Litovel, Prostějov, Zábřeh, Šumperk, and others. Due to favorable climate and fertile soils, lowlands historically and currently represent substantive agricultural areas in the CR. Despite its intensive development, the core of the Olomouc region is constituted by the Litovelské Pomoraví Protected Landscape Area with natural complexes of floodplain forests. The other major forested habitats in the Olomouc region are located in the northeastern uplands, predominantly composed of coniferous and mixed stands and used for timber production. We decided to study the greater Olomouc region because it is formed by relatively homogenous environment, yet it includes ample proportions of all land use/land cover categories that we intended to examine. Both in the past and at present, the greater Olomouc region has been a major agricultural center but still includes substantive forest cover and residential areas of all sizes and densities from larger cities to small villages. Although our study site experienced no significant population growth after the revolution in 1989, it has been strongly influenced by socioeconomic changes (Ptáček, 2000) . These characteristics make the greater Olomouc region an ideal study site for comparative assessment of land use/ land cover changes in the context of post-socialist transformation in the CR.
Data Collection and Preparation
Landsat-5 TM and Landsat-7 ETM+ images were acquired for this study, as they provide an appropriate and cost-efficient source of information for a wide range of applications, including land change mapping (Rogan and Chen, 2004) . The TM data comprised one scene 018-385 (path 190, row 25) from 10 September 1991; the ETM+ data included two scenes 036-343 and 036-344 (path 190, row 25 and path 190, row 26) from 24 May 2001. Two ETM+ images from 2001 were needed because the study area was located in the overlap of two Landsat-7 ETM+ swaths. Both data sets were obtained from the Global Land Cover Change Facility [http://glcf.umiacs.umd.edu/ data/], having a ground resolution element of 28.5 × 28.5 m. We did not employ the thermal bands in our analysis due to their coarser spatial resolution and weak signal to noise ratio (Jensen, 2004) . The TM image was previously georegistered to the ETM+ images using 12 ground control points, first-order linear transformation, and nearest neighbor interpolation. Based on the given set of control points, the total root mean square error (RMSE) was computed to be lower than the threshold of 0.3 pixels that we defined as acceptable. A set of scanned and georeferenced black-and-white aerial photographs from 1991 and a set of true color orthophotographs from 2002, both with the spatial resolution of 1 m, were obtained from the Litovelské Pomoraví Protected Landscape Area Administration to serve as reference data for the classification and map accuracy assessment processes. Vector data of the CR boundary and the protected area were acquired from the Czech Environmental Information Agency (CENIA) ArcIMS server [http://geoportal.cenia.cz].
Seven land cover categories were defined in the Olomouc region: water, deciduous forest, coniferous forest, mixed forest, developed, agricultural areas, and meadows. Mixed forest was defined as not having a dominating share of either coniferous or deciduous tree species, i.e., more than 75% (ÚHÚL, 2006) . Built-up landscapes, including all urban, industrial, and residential areas, were categorized as developed. The agriculture class included areas of intensive farming. The meadows category represented all grassland ecosystems: pastures, periodically mowed meadows, or secondary grasslands of abandoned farmland. Secondary succession vegetation, shrub cover, and early stage stands were visually assessed and labeled as either a certain type of forest or a meadow, in cases where the wood cover was sparse (threshold of approximately 20% of cover). To facilitate land use/land cover classification, polygonal areas of interest (AOI) were selected as training sites to represent characteristic land use/ land cover types in the study area. The AOIs consisted of approximately 100 pixels for each category. In order to develop representative spectral signatures for each class, training sites were digitized based on the combination of ground visits of the study area and digital reference data (georeferenced aerial photographs from 1991 and orthophotographs from 2002).
The Land Change Modeler module in IDRISI software was utilized for land change detection and trend surface analysis. The Visual Basic for Applications (VBA) macro created by Pontius and Silva (Silva, 2006) was used for the stratified sampling design and for the computation of error matrices in order to assess the classification accuracy.
Image Processing
Figure 2 presents the steps of image processing, classification, and comparative assessment that were needed to achieve the defined study objectives. First, we assessed the satellite data for their image quality. While both ETM+ images did not exhibit any significant radiometric noise in the entire scene, the TM image contained a small amount of haziness in the northeastern portion and a subtle striping throughout the entire area. As there were no data available on the sensor spectral profile or the atmospheric properties for the time of TM image acquisition, absolute atmospheric correction was not possible. Instead, principal components analysis (PCA) was applied to reduce the haze and striping dimensions of the data and improve the signal to noise ratio (Zhao and Maclean, 2000) . PCA transforms the original data into a set of uncorrelated variables, where the first components represent the majority of variance from the original data sets and the subsequent orthogonal components account for less variance and a higher proportion of noise (Eastman and Fulk, 1993) . We ran PCA using a standardized variance/covariance matrix and all six optical TM bands as inputs. PCA created six principal component images, where the first four explained over 98% of the total variance and the remaining two contained most of the noise. The original noise-free bands were then restored through the inverse PCA technique, retaining only the first four components with meaningful information. Second, the study area was located on two ETM+ images that were overlapping by approximately 20% of their area. A mosaic of the images was created by spatially orienting them and balancing their numeric characteristics. Edge feathering with the histogrammatching algorithm was used to adjust the brightness values and blend the seams in the overlapping images. Rogan and Chen (2004) suggested that supervised classification methods may be more intuitive for land cover change detection if the required prior information about the landscape is gained through personal knowledge of the study area, in addition to a combination of ground visits and aerial photography interpretation. We used the maximum likelihood classification to derive seven land use/land cover categories in the Olomouc region. The maximum likelihood classification is based on the probability density function that is associated with a particular training site signature. All pixels are assigned the label of the most likely category based on an evaluation of the subsequent probability that the pixel belongs to the class with the highest probability of membership (Atkinson and Lewis, 2000; Jensen, 2004) . Although the maximum likelihood method assumes a normal distribution of the data, it is still considered as one of the most useful classifiers, as it does not always require large training data sets and its performance is comparable to other algorithms if the training sites are of good quality or limited size (Wu and Shao, 2002; Franklin et al., 2003) .
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Image Classification
Spectral signatures of individual land use/land cover classes were developed based on selected training sites and assessed for their separability using feature space images and scatterplots. Unambiguous classes were retained; spectrally similar classes representing the same land use/land cover categories (e.g., agricultural fields with crops and agricultural fields with bare soil) were merged. To distinguish between spectrally similar classes representing different land use/land cover categories (e.g., developed areas and agricultural areas with bare soil), various combinations of contextual measures were tested on all bands. A texture image created 10 with the dominance index and kernel window of 5 × 5 pixels applied to the near-infrared (NIR) band produced the most satisfactory result, after it was used as an additional input with original bands in the classification process. In addition, some areas were masked and classified manually because the 2001 ETM+ image was acquired in the spring season, when certain types of crops (e.g., cereals) are in a phenological stage that exhibit similar spectral response as secondary grassland.
We applied a stratified random sampling strategy to select land use/land cover sample sites for assessment of the classification accuracy (Jensen, 2004; McCloy, 2006) . Both maps for 1991 and 2001 produced by the maximum likelihood classification were subdivided into individual land use/land cover strata. Sample locations were then randomly distributed throughout the study area for each land use/land cover map using a random number generator in GIS. Single TM and ETM+ pixels were the units of assessment and the same proportion of sample locations (n = 20) in each stratum was the sample size (total n = 140). The x,y coordinates of the sample pixels were then identified in the digital reference data. Two sets of georeferenced aerial photographs from 1991 and orthophotographs from 2002 were used as the main sources of reference information. We determined the land use/land cover classes through detailed visual examination of the photographs and visited those sites that were not distinguishable on the 2002 images.
The error matrices were constructed for both classified maps to provide the basis for characterizing errors by cross-tabulating the classified land cover categories in sample locations against those observed in reference data (Smits et al., 1999; Foody, 2002) . We computed overall classification accuracy for both maps, as well as producer's and user's accuracies to measure omission and commission errors for individual land use/land cover categories. Because the traditional error matrix presents information on sampled locations only, we adjusted the overall accuracy by taking into account the proportion of each stratum (land use/land cover category) in the classified maps (Silva, 2006) . In this way, we estimated the total proportions of pixels that were classified correctly and incorrectly in both maps.
Land Use/Land Cover Map Comparison
We applied the post-classification comparison technique to characterize land changes between 1991 and 2001. The IDRISI Andes software provides an efficient tool for rapid assessment of LULCC and their implications based on cross-tabulation principles. The Land Change Modeler (LCM) for Ecological Sustainability allows a user to evaluate gains and losses in land cover classes, land cover persistence, and specific transitions between selected categories. Using the classified land-use/landcover maps from 1991 and 2001 as input parameters, this tool was applied to identify the locations and magnitude of the major land use/land cover changes and persistence. Additionally, we estimated the spatial trends of major transitions between land use/land cover categories of special interest in the study area, using trend surface analysis (TSA). TSA is an interpolation procedure that disaggregates the broad regional patterns from the non-systematic, fine-scale variation in the data (Chorley and Haggett, 1965; Eastman, 2006) . It is designed to extract the regional component from a map, such as general location of a specific land change trend, from the residual component (Gittins, 1968) . This empirical, least-square technique assumes the general spatial trend, inherent to the data, can be reasonably represented by a polynomial surface of closest fit to the observations, minimizing the difference between the interpolated value at a data location and its original value (Gustafson, 1998) . It may be defined mathematically as:
where Z is the areally distributed variable, in this case, the transition between two selected land use/land cover categories, αs are the polynomial coefficients, and U and V are the locational coordinates. The TSA surfaces are calculated by coding the pixels of a specific transition as 1 and pixels of no change as 0, and treating them as if they were continuous values (Chorley and Haggett, 1965; Eastman, 2006) . To help visualize the general locations of land use/land cover transitions in the period between 1991 and 2001, we employed the sixth-order polynomial TSA for three specific categorical transitions: from agriculture to meadows, from agriculture to developed, and from mixed forest to deciduous forest. Figure 3 presents the results of maximum likelihood classification for 1991 and 2001. The error matrices for both classified maps were constructed to assess the classification accuracy (see Table 1 ). In the 1991 map, the proportion of agreement between land use/land cover categories in the classified map and the reference data was 79%. When the proportion of agreement was estimated for the entire landscape, the overall accuracy was 80%. The producer's accuracy was lowest for the agricultural class (65%), as some of the agricultural areas were misclassified as meadows or developed. Producer's accuracy for mixed forest was 71%, as some pixels were misclassified as pure coniferous or deciduous forest. The user's accuracy was lowest for mixed forest (60%), as some sites were identified as coniferous or deciduous in the reference data, and the category of developed (70%), as some sites were identified as agricultural. In the 2001 map, the proportion of sample-based agreement was 81%. The overall accuracy for the entire landscape was 84%. The producer's accuracy was lowest for agriculture (66%), as some farmland was misclassified as meadows or developed, and for the category of mixed forest (70%), as some pixels were misclassified as pure coniferous or deciduous forest. The user's accuracy was lowest for the developed class (60%), where some sites were identified as agriculture or coniferous forest in the reference data, and meadows (75%), where some sites were identified as agriculture or deciduous forest.
RESULTS
The result of the cross-tabulation comparison of both land use/land cover maps (Fig. 4) demonstrates that there have been marked changes in all land use/land cover categories between 1991 and 2001, with the exception of the water category. The slight increase in the category of water can be explained by the construction of the Slezská Harta dam and reservoir in the northeastern part of the study area. Several land cover categories experienced major overall changes. The total area of meadows (grassland) increased by 428 km 2 (representing an increase of 8.5% of the total study area), while the area of intensive agriculture decreased by 339 km 2 (7% of the total study area), as did the area of coniferous forests, which decreased by 158 km 2 (3% of the total study area). The proportion of areas covered with mixed forests decreased by 53 km 2 (1% of the total study area), while the proportion of deciduous forests increased by 85 km 2 (1.7% of the total study area). Additionally, the category of developed was also affected by distinct change, with a net gain of 83 km 2 (1.7% of the total study area).
To identify the transitions between specific land-use/land-cover categories, we focused on those that experienced an increase in their total area during the study period: meadows (grassland), developed, and deciduous forest. We calculated the contributions of other categories to their net change (Fig. 5) , i.e., which classes in the 1991 map were identified as meadows, developed, or deciduous in the 2001 map and what proportion of the total change for a class and proportion of the study area they explain. Agricultural areas explain the majority of the total increase in meadows (65%), which represents about 5% of the entire study area. New development occurred predominantly on former agricultural areas (85%). This transition occurred on approximately 1.5% of the study area. The majority of the increase in deciduous forests is explained by the transition from the mixed forest category (35%) together with the category of meadows (27%), which represents over 1% of the total study area.
A simplified cross-classification map (Fig. 6) shows persistence in land use/land cover categories, i.e., areas where no change occurred. Areas with some transitions between land use/land cover classes are depicted as change. The land change and 
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VÁCLAVÍK AND ROGAN persistence map can be difficult to interpret visually if the locations of specific land use/land cover changes are not clustered (Rogan and Chen, 2004) . The landscape of the greater Olomouc region is highly influenced by human activities; therefore, the pattern of land use/land cover change is complex and the broader trends cannot be easily discerned.
We used trend surface analysis to facilitate interpretation of the complex land change patterns by providing a means of generalization about transition trends between selected categories. Three TSA maps (Fig. 7) were created showing the transitions from 1991 to 2001 between categories of interest: agriculture to meadows, agriculture to developed, and mixed forest to deciduous forest. The resulting maps depict a simulated surface that denotes the generalized locations of transition between selected categories, from areas with no change to areas with marked change. The general trend of transition from intensive agriculture to meadows was located in the northeastern part of the study area, in the highlands of Nízký Jeseník. The general location of new development occurring on agricultural areas was identified in the central and southern lowlands of the Morava River alluvial plain. The major transition in forest structure from mixed forest to deciduous forest was detected in the northeastern portions of the study area.
DISCUSSION AND CONCLUSIONS
This study applied remote sensing techniques to classify satellite imagery of the greater Olomouc region of the Czech Republic from 1991 and 2001. Our objective was to identify the locations, types, and trends of the major LULCC in the 10 years 
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that followed the change in political system in the CR. We assumed the land cover would reflect broad-scale socioeconomic changes that might have affected landscape and natural resources, such as decreased need for intensive agriculture, shift to envi- ronmentally friendly management of forested areas, or increasing development and suburbanization.
The post-classification comparison of remotely sensed data is as accurate as the classification results used in the analysis. The need for accurate land use/land cover maps is thus evident, as every error in classification propagates in the analysis itself (Jensen, 2004) . We estimated our overall accuracy of both land use/land cover maps close to a set standard of 80-85% , and identified the producer's and user's accuracies for individual categories. The overall accuracy for the 2001 map was 4% higher than for the 1991 map. Categories of water and deciduous forest had producer's and user's accuracies for both maps over 85%, thanks to the high separability of their spectral signatures (unimodal distribution of training data). The category of agriculture was the most problematic because it represented a mixture of various crops in different phenological stages as well as bare soil (plowed fields). The spectral signature of certain crops (e.g., cereals) were mixing with the signature of grassland, resulting in lower producer's accuracies (<70%) for both classified maps. Agricultural land with bare soil also exhibited a certain degree of spectral collinearity with developed areas. Although the contextual analysis (texture images) helped significantly with distinguishing between these two classes, the user's accuracies for developed land were less than 75%. Generally, the mixed categories are more challenging to classify because the class borders are drawn artificially and a conflict between desired thematic classes and their separability may exist (Foody, 2002) . Mixed forest proved particularly difficult to classify due to its spectral heterogeneity and overlap with coniferous and deciduous forest.
Fig. 7. continued
Accuracy assessment is considered most reliable if an independent set of ground reference points is collected. However, obtaining such data was not feasible in our case because our analysis concerned land use/land cover situations from the past. We used high-quality aerial photographs and orthophotographs for reference data and used stratified random sampling to generate a set of control points, independent from the training sites. Due to potential inaccuracies in georegistration of the reference images and the challenges associated with visual examination of the photographs, we cannot completely rule out a bias. Despite these challenges, the performed classification assessment should provide information about the level of uncertainty associated with the map comparison and thus an essential context for the interpretation of reported results.
The results of this research support initial assumptions based on general knowledge of some land use drivers in the post-socialist period analyzed in recent socioeconomic studies (Ptáček 1998; Bičík et al., 2001; Fanta et al., 2004; Zemek et al., 2005) . There have been significant losses in categories of intensive agricultural areas and coniferous forest, and gains in grassland, developed areas, and deciduous forest. From the former agricultural areas (in 1991), almost 12% became meadows, pastures, or secondary grassland in 2001, especially in the northeastern hilly part of the study site. Approximately 3.5% of arable land was developed in the central and southern lowlands of the study area. More than 6% of the previous mixed forest in the northeastern hilly part of the region was identified as deciduous forest in 2001.
This study provides no empirical evidence of direct causality between mapped land use/land cover changes and political and socioeconomic transformation of the CR. However, the spatial trends of observed land change suggest a distinct correlation. Concerning the transition from the category of intensive agriculture to the category of meadows, the major trend was observed in the northeastern uplands of the study site and in the Nízký Jeseník mountain range. This observation is consistent with the suggestions of Zemek et al. (2005) that the marginalization of agricultural areas occurs first at locations with unfavorable natural conditions, especially in uplands where agricultural production was previously forced by an extensive use of fertilizers and pesticides. Most of these sites are not suitable as arable lands and were converted to farmlands during the socialist period of agricultural industrialization. After the restitution process and changes in agricultural subsidies, the majority of new landowners ceded their shares to successor organizations of former state co-operatives or keep the land but have not continued the previous agricultural activities (Bičík et al., 2001) .
Concerning newly built-up areas, the major conversion to the class of developed was identified from the class of agriculture. Trend surface analysis revealed that such a transition occurred prominently in the central and southern lowland regions of the study site. This observation is consistent with a general suburbanization process in Central Europe, where the area of low-density residential development is rapidly expanding, although at a lower rate than in Western Europe (EEA, 2006) . Progressive development of open land is associated with the booming economy of the country and with the restitution and privatization process as well (Bičík et al., 2001) . New residential areas tend to be built in the form of "satellite" towns and villages in the vicinity of larger cities, existing infrastructure, and recreational areas (Ptáček, 1998; Jackson, 2002) . The lowland regions in the alluvial plain of the Morava River can offer a dense transportation network and a hinterland of several existing cities, including historical Olomouc and Litovel. Also the Litovelské Pomoraví Protected Landscape Area serves as an important resource for recreation activities.
Regarding the change in forest structure, the transition from mixed forest to deciduous tree cover was observed predominantly in the northeastern hilly and mountainous part of the study site. In these areas, the intermediate elevation and associated environmental conditions potentially favor deciduous forest stands (Neuhäuslová, 1998) . This finding correlates with the general diversion in forest management in the last 15 years from clear-cut practices and spruce and pine plantations to the alternative use of native broadleaved species of trees in the lower and intermediate elevations of the country (ÚHÚL, 2006) . The causes of such a diversion stem from an increase in environmental awareness in early 1990s, and has influenced the management of environmental resources in the country (Bičík et al., 2001) . Although forest management is still focused on timber production, other functions of forest ecosystems are being taken into account and non-native tree species are being systematically removed from the stands where economic conditions permit (ÚHÚL, 2006) . In addition, some increase in the deciduous forest class was explained by the conversion from the category of meadows. We suggest that this likely indicates a process of land abandonment in mountainous areas where the secondary succession of shrubs and early stages of broadleaved vegetation were classified as deciduous forest.
The presented findings of specific types and trends of LULCC in the greater Olomouc region are consistent with socioeconomic processes that were described above as general drivers of land transformation in Central and Eastern Europe. However, our results suggest that the scale and intensity of land changes do not entirely follow the patterns of land transformation identified in other Eastern European countries. First, privatization of state property and transformation of agricultural collectives in the CR resulted in marginalization of farmland but at a smaller scale than in Poland or Ukraine (Sabates-Wheeler, 2002; Angelstam et al., 2003) . Similarly as in Slovakia (Csaki, 2000) , decollectivization of socialist farming patterns was slowed because a large number of landowners left their land within the successor organizations of former collectives. In contrast to other eastern countries in Europe, the transition of agricultural areas to grassland can be in the CR explained not only by the abandonment of farmland but also by the increasing focus of currently active farmers on biomass production and maintenance of grassland communities in the countryside as one of the possible solutions to former agricultural overproduction (Šarapatka, 2006) . Second, significant secondary afforestation (up to 20% of forest cover) was identified in Poland, Ukraine, and Romania due to the abandonment of agricultural land (Kozak, 2003; Dezso et al., 2005) ; however, our data show the opposite trend. Results of our analysis suggest slight reforestation of former grassland, but the total net area of forest vegetation decreased by 2% between 1991 and 2001. Third, the process of urban sprawl is associated primarily with the countries of Western rather than Eastern Europe. Due to the different socioeconomic trends and historical conditions, marked suburbanization trends were described only in Poland, Slovakia, and the CR. We identified an increase of 2% in urban development during our study period, which is significantly lower than is the case for the Western European countries, such as Germany or France (5-15%) (EEA, 2006) . Few studies to date have attempted to examine and quantify the major land use/ land cover changes in the CR in the context of post-socialist transformation. Classification of multispectral satellite data and comparison of produced land use/land cover maps represent an effective alternative to the use of conventional data. Traditional data sources-e.g., historical maps, cadastre maps, agricultural censuses, or demographic statistics-differ in scale and accuracy, making their use difficult (Kuemmerle et al., 2006) . We have demonstrated that the application of remotely sensed data and techniques of geographical analysis (e.g., trend surface calculation), in combination with knowledge provided by relevant socioeconomic studies, can be a valid component in a complex understanding of the consequences of broad-scale political and economic changes for the environment.
